Introduction: Cardiac surgeons stress may impair their quality of life and professional practice.
work, and emotional burden in this particular group of physicians. The aims of this single-center pilot-study were to compare chronic stress experience and coping strategies among cardiac surgeons with those of an age-matched representative sample and to analyze the impact of different factors such as gender and position (head of department, senior physician, resident) on stress experience and coping.
METHODS

Study Sample
The study population consisted of 22 cardiac surgeons, from a single center, with different positions and experience. Due to the small size of the group, the survey should be treated as a pilot study. All participants signed informed consent forms and, in accordance with German law, approval from a medical ethics review board was not required. All surgeons worked on a regular basis, 5 days and 40 hours per week, excluding "on call" services.
Measures
Psychosocial stress at work was assessed by two anonymous well-established and standardized written questionnaires used to measure perceived chronic stress, TICS and coping strategies (German SVF).
The TICS standardized questionnaire consists of 57 Items and 10 scales for a differentiated diagnosis of various facets of perceived chronic stress. Participants had to report the frequency of specific stress situations experienced within the last 3 months.
The 10 scales include: overwork, social trashing, pressure to succeed, lack of work satisfaction, excessive demands at work, lack of social recognition, social stress, social isolation, chronic worrying, and total value of chronicle stress.
Overwork, social stress, and pressure to succeed are related to stress resulting from high demand at work whereas lack of work satisfaction, excessive demand at work, lack of
INTRODUCTION
In recent years the constantly changing working conditions in hospitals, mainly determined by rising numbers of patient numbers and shorter stays [1] , have increased psychosocial stress and its consequences among hospital doctors [2] . In particular, surgeons appear to suffer high levels of stress, as described by many authors [3] [4] [5] . This is specially true for a post in cardiac surgery usually characterized by overtime, sleep deprivation, delays in payment, limited control and loss of autonomy, feelings of isolation, and lack of time for research activities, all of which may place physicians at particular risk of having to cope with an imbalance between their personal and professional life. Serious manifestations of chronic stress among surgeons include depression, anxiety, divorce or broken relationships, mistakes at work and thoughts about giving up their profession as well as symptoms of burnout, such as emotional exhaustion, depersonalization, and low personal accomplishment [6] . In the last 20 years, the inconsistent and fragile coherence between acute stress and measurable variables of health and illness paved the way for the development of research i on the topic of chronic occupational stress. Nevertheless, as of 2003 there were no methods in the German language to evaluate chronic stress comprehensively and validly. The Trier Inventory for Chronic Stress (TICS) represents a standardized instrument to measure chronic stress. It consists of a self-assessment questionnaire validating different kinds of chronic stress, and it measures primarily experiences of specific sources of work load [7] . On the other hand, the German multidimensional stress-coping inventory (SVF) measures the trait aspects of coping with everyday stress [8, 9] . A detailed description of both assessment tools is given in the method-section.
Given the fact, that there is a lack of evidence-based data analyzing stress-experience and coping strategies specifically in the cardiac surgeon population, the present series set out to assess, for the first time, stress-factors, satisfaction at social recognition, social trashing, and social isolation detect stress-phenomena arising from a lack of satisfaction of one's needs. Furthermore, TICS contains a scale for chronic worrying as well as a 12-Item-screening-scale, providing the full extent of perceived stress. The assessment achieves good profile reliability [7] and all scales fit the ordinal Rasch-model. Validated instruments were used to make measurements in accordance with the demand-control and effort-reward imbalance models. Internal consistency ranged between 0.84 and 0.91 (Cronbach's Alpha) and split-half reliability between 0.78 and 0.89 (m: 0.83, Rasch). Reliability of all scales was sufficiently high (Cronbach's Alpha between 0.84 and 0.91; m: 0.87). For each item, the frequency of experience in the last 3 months had to be indicated on a 5-point rating scale, ranging from "never" to "very often".
The German SVF questionnaire was used to assess coping. It comprises 19 scales for different types of reactions to an unspecified range of situations that impair, adversely affect, irritate or disturb the emotional equilibrium or balance of the subject. Each scale consists of six items that are answered using a 5-point scale, according to the probability of that reaction. The coping mechanism scales of the SVF are depicted in Table 1 . Items are rated on a scale of 1 to 5: never, hardly, potentially, probably, most likely. Total negative and positive coping strategies are measured after summarizing the values of scales 1-10 or 13 to 18, according to the test-developers` instructions. The reliability of all scales was sufficiently high (median Cronbach's Alpha was 0.8 for test-retest reliability by the authors). Validity has been tested by intercorrelations between subscales, correlations with a variety of questionnaires and specification of different stressful situations, confirming the relationship between coping and personality described by Watson & Hubbard [10] .
Statistical methods
Statistical analyses were performed using 95% confidence intervals and the Mann-Whitney-U Test. The level of significance was set at P<0.05. Due to the limited sample size and in order to avoid being overconservative in our evaluation, Bonferroni correction of P-values was not performed. However, all statistical comparisons were thoroughly reported enabling an informal correction of P-values by the reader. With this approach, we followed a practical solution as proposed by Saville [11] to consider multiple testing. In addition the results were compared to an age-matched representative sample, using available normal values (T-scale; mean=50 and SD=10) for the SVF and TICS in German volunteers with regard to gender for the age range of 20 to 64 years.
RESULTS
Twenty two professionals answered the questionnaires, corresponding to the total sample size.
Among the participants, the mean age was 40±14.1 years, ranging from 26 to 60 years; 59% (n=13) were male and 41% (n=9), female. Concerning position and professional qualification, 36.4% (n=8) were specialists (6 males), including the head of the department, and 63.6% (n=14) were residents (7 males). Figure 1 shows that the surveyed cardiac surgeons, when compared to the age-matched population, presented mean Self-pity Self -accusation Aggression Self-medication/ use of drugs Response I tell myself, "It is not that bad" I tell myself, "Others couldn't take it the way I do" I tell myself, "I am not to blame" I try to concentrate on something else I treat myself by buying something nice I think about my success in other situations I make a plan how to solve the problem I try to keep my behaviour under control I tell myself not to give up I try to talk to someone about the problem I start to avoid this kind of situation I only want to get out of this I prefer to be by myself I think about it over and over I tend to give up I ask myself "why me?" I tell myself, "After all it's my fault" I get enraged I'll have a few beers, glass of wine…
values and 95% confidence intervals for TICS and SVF mostly within the normal range. The only marginal outlier (but still with a mean value within the normal range) refers to the item measuring lack of social recognition.
With regard to the level of professional experience, the analysis revealed that inexperienced surgeons showed significantly higher levels (P< 0.05) of dissatisfaction at work and lack of social recognition and isolation (TICS). Coping strategies (SVF), such as play down, distraction from situation, and substitutional satisfaction were also significantly more frequent in this group (Figure 2) . On the other hand, their experienced counterparts presented higher, but non-significant, values for pressure to succeed, overwork, self accusation, and social stress as well as for coping strategies such as flight tendency, guilt defence, social retreat, self-pity and self-accusation, ego boost, resignation and aggression (Figure 2) . In terms of coping, "negative" strategies were more present in experienced than in younger colleagues (P=0.029); (Figure 2) .
Concerning the impact of gender, female surgeons felt significantly more exposed to overwork (P=0.04) and social stress (P=0.03); (Figure 3) . Interestingly, although all of our female surgeons (2 senior physicians and 7 residents) felt more exposed to overwork, isolated gender-specific comparisons among residents showed significantly higher values for male residents regarding overwork (P=0.002), social stress (P=0.001) and play-down strategies (P=0.04).
Fig. 1 -Mean values and 95% confidence intervals for TICS and SVF (all surgeons).
Fig. 2 -Mean values and 95% confidence intervals for TICS and SVF (senior physicians versus residents).
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DISCUSSION
Although several studies have dealt with coping strategies in the context of health, their main focus has been surgical patients' reactions and, specifically for cardiac surgery, patients undergoing heart transplantation [12, 13] . There are few reports analyzing psychological implications, especially in healthcare professionals of surgical specialties. In recent years, occupational stress among medical doctors has become the subject of extensive investigation since it is a determinant factor of physical and mental disorders that force these professionals to take leaves of absence from their work.
To our knowledge, the present study represents the first published attempt to assess directly perceived chronic stress and coping mechanisms among cardiac surgeons, and the second one, beside a series performed by Mikalauskas et al. [14] on the incidence of burnout syndrome, to focus on this specific surgical specialty.
Fig. 3 -Mean values and 95% confidence intervals for TICS and SVF (females versus males).
Cardiac surgery, characterized by special attributes of surgical practice along with the rigors and length of training for this profession, seems to attract individuals of a particular character and determination as indicated by the relatively high mean age of 40 years of our study population, despite 64% being residents. In addition, the specialty still poses barriers to women, which was confirmed by the lower percentage of women in our series (41%) the finding with only two female out of eight specialists.
Cardiac surgeons work hard, deal regularly with matters of life and death, and make substantial personal sacrifices in Studies including either surgeons from several surgical subspecialties and/or graduates report that the incidence of burnout syndrome ranges from 30% to 38% [15] [16] [17] [18] [19] , while Mikaulskas et al. [14] stated that in their cardiac surgical collective more than half (62%) of the respondents met the criteria for being burned out, with 19.3%, 25.9%, and 42.3% experiencing high emotional exhaustion, high depersonalization, and low personal accomplishment at work, respectively. Similary, in a large study published by Campbell et al. [16] surveying 582 surgeons from the University of Michigan, 32% showed high levels of emotional exhaustion, 13% increased levels of depersonalization, and 4% presented evidence of a low sense of personal accomplishment, while an Australian study of 126 surgeons, carried out by Benson et al. [20] , indicated that burnout levels were significantly higher for surgeons than for the normal population, with 67.6% of the sample approaching high burnout levels. All of these findings confirm that a substantial number of colleagues in surgical specialties are struggling with a high level of personal and professional distress and that among cardiac surgeons appear to be even more susceptible to burnout.
Further analysis of the aforementioned studies [16, 20] showed that younger surgeons were more vulnerable to developing burnout syndrome than their older counterparts. These data, although gathered from general surgeons, concur with ours, in which younger colleagues felt exposed to chronic stress phenomena more frequently, in particular to dissatisfaction at work, lack of social recognition, and social isolation. Younger surgeons reported significantly higher burnout levels, regardless of their career status. Concerning the role of various factors in predicting occupational chronic stress and subsequent burnout syndrome, it is noteworthy to mention the main findings of a prospective study performed by the Buddeberg-Fischer et al. [21] in a cohort of Swiss medical school graduates, who where followed throughout their professional career, beginning in 2001. In their fourth and eighth years after graduation, 443 physicians reported on their workplace conditions, the experienced effort-reward imbalance, the professional and emotional support received as well as their personal characteristics. The mean chronic stress (TICS-SCSS) of the study-sample was significantly higher (P<0.001) compared to an age-matched representative population. In the prediction of chronic stress, workplace effort-reward imbalance as well as over-commitment turned out to be the most important risk factors, while stress protective factors were high satisfaction with career support, sense of coherence, and occupational self-efficacy.
However, in the prediction of chronic stress, gender had no significant moderator effect, a finding which is in contrast to our results of gender specific differences in the historically male-dominated discipline of cardiac surgery. In particular, male residents showed significant higher values concerning overwork (P=0.002), social stress (P=0.001) and play-down strategies (P=0.04) than their young female colleagues, whereas all female surgeons (senior physicians and residents) felt more exposed to overwork (P=0.04) and social stress (P=0.03).
These findings suggest that experienced female surgeons suffer from the incompatibilities between their professional career and family, children, household etc., whereas experienced male surgeons are more frequently stressed by isolated job-related factors, such as pressure to succeed and overwork. The only other available study in cardiac surgeons constructed by Mikalauskas et al. [14] did not include female surgeons, thus all information about gender differences is derived from general series in populations of all specialties. A prospective study from Johns Hopkins University including more than 1300 male physicians, documented that the prevalence of clinically significant depression was 12.8% [22] , while in the analysis of 4500 female physicians in the Women Physicians' Healthstudy, the prevalence of depression was 19.4% [23] . Regarding coping strategies among cardiac surgeons, there is a substantial lack of evidence in the literature.
Despite suggestions that, in general, negative stress-coping responses decrease with experience [24, 25] , most of the studies assessed only intraoperative stress and not the entire chronic occupational stress of surgeons. The negative correlation of experience and negative coping-strategies was documented among others surgeons in an investigation of "burnout" among American surgeons [16] . The study showed younger surgeons to be more susceptible to burnout and negative stress coping-mechanisms. The results of our study compare favorably to this report in terms of dissatisfaction at work, lack of social recognition and isolation (TICS), but are contrary in terms of coping strategies, where experienced surgeons showed higher values for negative coping compared to the unexperienced ones. These discrepancies in the results may be caused by the relatively small sample size of our series. To sum up, we did not have a solid explanation for this observation and this finding should be considered as tentative.
Finally the findings of our study imply that stress management strategies are particularly important in the prevention of professional burnout in cardiac surgeons. This will further help them to improve their technical skills, decision-making time and trust with subsequent improvement in the quality of the provided health care. Interventions aiming at reducing psychosocial stress at work should consist of both an organizational and a health policy level approach.
Limitations of the study
The small number of surgeons, involved in the investigation might be regarded as a substantial limitation. Nevertheless, explanatory power of both questionnaires is sufficiently proven for each item or scale in terms of individual deviation from the normal range.
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CONCLUSION
Although most values were within the normal range, cardiac surgeons tend to a high level of perceived stress phenomena and vulnerability for negative coping strategies. In particular, dissatisfaction at work, social isolation, and a lack of social recognition were more frequent among residents. On the other hand, senior physicians showed higher values for pressure to succeed and negative coping strategies, such as resignation and aggression. It is a matter of concern that especially young cardiac surgeons report feeling stressed early in their professional career. Actions have to be taken in order to reduce stress levels, mainly through the re-establishment of reciprocity between perceived effort invested and rewards received, in the form of career opportunities and acceptance of personal capacities including emotional support.
